Irrational use and management of water and land are associated with poor hydro-geological conditions causing water logging and salinization problems, possibly leading to farmland abandonment and economic loss. This poses a great challenge to the sustainability of oasis' and requires desalinization through reasonable landscape design by multiple crossing studies so we collected traditional knowledge by field interviews and literature schemes, except for the modern desalinization approaches by literature, and we found that the salinization problem has been solved by traditional land reclamation, traditional drainage, natural drainage and flood irrigation, locally. It is worth mentioning that the traditional reclamation in salinized areas requires flood water, sand dunes and a salinized pit area; the sand dunes are used to elevate the pit surface, and water is used to leach salt from the soil. Natural drainage (the depth and width are 4-10 m and 50-100 m, respectively) caused by flash flooding has significant benefits to some salinized villages in the range of 3000-5000 m and ancient groundwater drainage systems, such as Karez are supporting the oasis with drainage water for centuries. In addition landscape characteristics, salinization and hydro-geological conditions of the oasis were studied from Landsat image, DEM, literature and field photos. Then based on the gathered information above, a desalinization model was developed to decrease the groundwater table and salt leaching in the water logging landscape. Then according to landscape characteristics, different desalinization approaches were recommended for different landscapes. To address environmental uncertainties, an adaptive landscape management and refinement approach was developed, and acceptance of the model was validated by stakeholder opinion. The results provide guidelines for sustainable desalinization design and highlight the importance of combining traditional knowledge and modern ecological principles in sustainable landscape design.
Introduction
Interactive zones between irrigated farmland and the natural desert ecosystem, known as eco-tone areas, can develop secondary salinization as a result of irrational management of land and water resources with inherent flat geo-topological problems [1] . Under the complex interaction of anthropogenic and natural factors, salinization in the Keriya Oasis has shown a fluctuating trend, with salinized areas covering 1670 ha, 1554 ha and 1833 ha in 1991, 2002 and 2008, respectively [2] [3] [4] [5] [6] . In particular, farmland has been subjected to salinization and abandonment.
The Keriya Oasis has populated about 250,000 people, whose sustaining life mostly depend on agriculture: The main crops are wheat, maize, cotton, rice and grapes. Increasing socio-economic Sustainability 2019, 11, 2578 3 of 17 of soil fertility [23] . The people, whose employment and income mostly depend on agriculture, which depends on water resources from the Keriya River and the plain water reservoir of seepage water. The river is supplied by 430 glaciers in the mountains [30] , and it disappears around the Derya Boyi village (Figure 1 ) after approximately 700 km of flow [7] .The basin has experienced aridity in some areas and secondary soil salinization elsewhere. Figure 1 . The location and topography of the study area.
Methods
The secondary soil salinization is a very complex problem [8, [13] [14] [15] 31, 32] . Firstly, in order to make clear the mechanism of salinity hazards [8, 9] , this study built the socio-ecological and bio-physical conceptual models(supplemental file) in the DPSIR frame [33] by a selected 39 variables [7, 8, 10, 18, 19, 31, [34] [35] [36] . Secondly, collected spatial and cross sectional hydro-geological data from various sources, and based on the built hydrological baseline map (Figure6) to desalinization design. Thirdly, we determined the desalinization tool such as the drainage system through studying literature and from stakeholders' opinions, and to determine the desalinization plan for the landscape. Fourth, we test the plan by stakeholders' opinions and attitudes towards the design, and for the environmental uncertainties, the adaptive desalinization strategy was suggested. Details about data collection are as follows.
Spatial Hydro-geological Map
To produce this mapin ArcGIS10.1, theLandsat-8 ETM+, GTOP30/DEM (resolution 30 m, cloud 0%, download date:21 July 2015) [37] were used for determine the thematic map of drainage, water bodies, river, farmland, basic landscape, contours, etc. [8, 9] ,then the thematic map of salinization risk spatial distribution was produced from Seydehmet's study [9] ,finally, fold above together form the spatial hydro-geological map. The groundwater depth of 24 groundwater observation wells (sampling range of about 4-8 km, drilled in April 2012) were measured by using a HOBO barometric sensor. Then using datasets for the period of May 2012 to May 2013 we analyzed the spatial variation of the groundwater depth by ordinary kriging (subject to normal distribution, sig. is 0.55).
Cross Section of Hydro-geological Model
A conceptual schematic cross section of the hydro-geological model was developed to provide guidelines to the desalinization design in the Keriya Oasis by the following steps: First, based on LUCC (Land use/cover change) [2] and the digital elevation model (DEM), the landscape were separated into five types as mountain, Gobi, oasis, eco-tone and desert. Second, studied on the hydro-geological characteristics of each type (including data from the river, reservoirs, springs and farmland) from literatures as in Keriya records [38] combined 
Methods
The secondary soil salinization is a very complex problem [8, [13] [14] [15] 31, 32] . Firstly, in order to make clear the mechanism of salinity hazards [8, 9] , this study built the socio-ecological and bio-physical conceptual models (Supplementary Materials) in the DPSIR frame [33] by a selected 39 variables [7, 8, 10, 18, 19, 31, [34] [35] [36] . Secondly, collected spatial and cross sectional hydro-geological data from various sources, and based on the built hydrological baseline map ( Figure 7 ) to desalinization design. Thirdly, we determined the desalinization tool such as the drainage system through studying literature and from stakeholders' opinions, and to determine the desalinization plan for the landscape. Fourth, we test the plan by stakeholders' opinions and attitudes towards the design, and for the environmental uncertainties, the adaptive desalinization strategy was suggested. Details about data collection are as follows.
Spatial Hydro-Geological Map
Cross Section of Hydro-Geological Model
A conceptual schematic cross section of the hydro-geological model was developed to provide guidelines to the desalinization design in the Keriya Oasis by the following steps: First, based on LUCC (Land use/cover change) [2] and the digital elevation model (DEM), the landscape were separated into five types as mountain, Gobi, oasis, eco-tone and desert. Second, studied on the hydro-geological characteristics of each type (including data from the river, reservoirs, springs and farmland) from literatures as in Keriya records [38] combined with the field observation and landscape photos, then determined the main dominant hydrological features as ET or infiltration. Third, according to stakeholders' opinions, field observation and photos, the farmland was divided into three types as farmland A, farmland B and farmland C, then based on the reference of the groundwater depth and it's relevant salinization risk (e.g., fertile farmland, salinized areas, marsh land and desert areas) [11] , groundwater depth of the observation well and the states of the neighbor landscape, the approximate groundwater depth was determined for the main landscape types. According to innovation time and structure, the drainage system including the modern and traditional system, in general. Recent decades, the modern drainage systems were developed in the farmland of Israel [27] , are helpful for the design of desalinization, which is a system with shallow drainage (drain spacing of about 30 m) and deep drainage (drain spacing range 60-120 m) combined with relief wells. Depending on the site conditions, there can be from three to 10 wells per hectare. The well diameters are usually 0.6 m. The discharge of water from the wells into the deep drains reduces the upward flow of the groundwater towards the soil surface, consequently lowering the water level in the upper soil layers [27] . This model is suitable for use in the salinized farmland in the oasis.
There is also a historical innovation of drainage system as Karez (also termed the Foggara and the Qanat) is an ancient underground drainage system (Figure 2 ) that allowed water to drain to the surface using gravity to supply water for agriculture. This system has a long history of use and is widespread in western China, Iran, Arabia and the Mediterranean [29, 39, 40] . It has provided a pivotal source of inspiration for more sustainable ecological designs and management of today's environmental threats, and could be used for desalinization design in the oasis landscape.
and farmland C, then based on the reference of the groundwater depth and it's relevant salinization risk (e.g., fertile farmland, salinized areas, marsh land and desert areas) [11] , groundwater depth of the observation well and the states of the neighbor landscape, the approximate groundwater depth was determined for the main landscape types.
Drainage System and Groundwater Balance Model
According to innovation time and structure, the drainage system including the modern and traditional system, in general. Recent decades, the modern drainage systems were developed in the farmland of Israel [27] , are helpful for the design of desalinization, which is a system with shallow drainage (drain spacing of about 30 m) and deep drainage (drain spacing range 60-120 m) combined with relief wells. Depending on the site conditions, there can be from three to 10 wells per hectare. The well diameters are usually 0.6 m. The discharge of water from the wells into the deep drains reduces the upward flow of the groundwater towards the soil surface, consequently lowering the water level in the upper soil layers [27] . This model is suitable for use in the salinized farmland in the oasis.
There is also a historical innovation of drainage system as Karez (also termed the Foggara and the Qanat) is an ancient underground drainage system (Figure 2 ) that allowed water to drain to the surface using gravity to supply water for agriculture. This system has a long history of use and is widespread in western China, Iran, Arabia and the Mediterranean [29, 39, 40] . It has provided a pivotal source of inspiration for more sustainable ecological designs and management of today's environmental threats, and could be used for desalinization design in the oasis landscape. The annual groundwater balance of the irrigated oasis can be estimated using the following equation [41] :
where WΔ refers to the total existing groundwater of the oasis; Wr, Wi, Wc and Wg1 indicate the amount of water recharged by the rainfall, the irrigation, the canal leakage and the lateral groundwater inflow, respectively. Wg2, Wd, Wex and Wet refer to the amount of groundwater discharged through the groundwater outflow, the drains, the groundwater extraction and the evapotranspiration, respectively. This model provides a mathematical basis for decreasing groundwater by drainage in the desalinization design. The annual groundwater balance of the irrigated oasis can be estimated using the following equation [41] :
Stakeholders' Opinions and Attitudes Towards the Design
where W ∆ refers to the total existing groundwater of the oasis; W r , W i , W c and W g1 indicate the amount of water recharged by the rainfall, the irrigation, the canal leakage and the lateral groundwater inflow, respectively. W g2 , W d , W ex and W et refer to the amount of groundwater discharged through the groundwater outflow, the drains, the groundwater extraction and the evapotranspiration, respectively. This model provides a mathematical basis for decreasing groundwater by drainage in the desalinization design.
Stakeholders' opinions (traditional knowledge) and practices about land and water use were collected through field observations and semi-structured questionnaires during meetings [16] . A field survey was carried out in spring and autumn of 2012-2016. Figure 3 illustrates the method by which the survey on traditional knowledge was conducted. The main question, "What is Oasis's soil salinization desalinization approach?" was presented at a meeting, and then feedback questions were asked, followed by field verification. Through this, we tested our design ideas. After completion of the design draft, a second survey was performed. We presented participants with the desalinization conceptual model and asked about the acceptability of the desalinization model, and whether they would agree to manage and maintain aspects related to the design. This was assessed with a five-point scale (highly agree to disagree). meeting, and then feedback questions were asked, followed by field verification. Through this, we tested our design ideas. After completion of the design draft, a second survey was performed. We presented participants with the desalinization conceptual model and asked about the acceptability of the desalinization model, and whether they would agree to manage and maintain aspects related to the design. This was assessed with a five-point scale (highly agree to disagree). 
AdaptiveDesalinization Strategy
There are many environmental uncertainties due to the scarcity of local data about desalinization. Therefore, it is necessary to develop adaptive management strategies. This is an iterative process of "trial and error" or "learning by doing", which progressively reduces uncertainty and achieves the desired function by continual system monitoring and adjustment [42, 43] . According to the above principles, we addressed the environmental uncertainties in two phases, as shown in Figure 4 . 
There are many environmental uncertainties due to the scarcity of local data about desalinization. Therefore, it is necessary to develop adaptive management strategies. This is an iterative process of "trial and error" or "learning by doing", which progressively reduces uncertainty and achieves the desired function by continual system monitoring and adjustment [42, 43] . According to the above principles, we addressed the environmental uncertainties in two phases, as shown in Figure 4 .
we tested our design ideas. After completion of the design draft, a second survey was performed. We presented participants with the desalinization conceptual model and asked about the acceptability of the desalinization model, and whether they would agree to manage and maintain aspects related to the design. This was assessed with a five-point scale (highly agree to disagree). 
There are many environmental uncertainties due to the scarcity of local data about desalinization. Therefore, it is necessary to develop adaptive management strategies. This is an iterative process of "trial and error" or "learning by doing", which progressively reduces uncertainty and achieves the desired function by continual system monitoring and adjustment [42, 43] . According to the above principles, we addressed the environmental uncertainties in two phases, as shown in Figure 4 . In the design phase, an interdisciplinary field investigation team of ecologists and stakeholders was set up for problem solving. For example, flash floods have created negative and positive impacts on the natural drainage, and their forms, the affected area range and the typical landscape characteristics of salinized farmland were verified by stakeholders during interviews. Photos of the Gobi desert were collected by field survey. In the maintenance phase, to increase the understanding of the groundwater table, salinity and surface salinity after implementation of the designed system, a monitoring program was performed, and refinement of the design system was necessary. 
Results

Conceptual Scheme of the Hydro-Geological Model
Due to the unique hydro-geological characteristics of the Keriya region ( Figure 5 ), it slopes down from the south to the north through the mountains, the Gobi, the oasis, the eco-tone and the desert. Therefore, surface and groundwater typically flow from the south to the north ( Figure 1 ). Slopes with loosesandy soil lead to the quick infiltration of surface water, and the seepage of groundwater is a common phenomenon in the area. Even in the Gobi area, a reservoir has formed from seepage water. The depth of the groundwater in the southern part of the oasis is bigger than 4m, causing drought, which affects crop growth.
Thedepth to the groundwater in the northern part of the oasis is less than 2 m, causing a salinization threat to crops and a lack of salt leaching from irrigation water, which can even lead to land abandonment.
Spatial Hydro-Geological Features
Figures 6 and 7 clearly indicate that higher salinization stress was closely related to higher groundwater seepage intensity, a shallow groundwater table, low and flat terraces and poor drainage conditions. For example, the area between groundwater wells 17 and 24 was similar to the area of referenced landscape onthe contour map. These areas have some farmland, but there was less noticeable salinization hazard, due to the presence of a few tributaries of the Keriya River, which play a drainage function, as the seasonality of the Keriya River causes it to drain during the dry season. The roughly estimated distance to the drainage area was 5 km in all directions, which closely matches the stakeholders' suggestion. The northern part of the reference landscape had higher salinization stress than the south, because there was a lack of drainage and flat terraces. The majority of the farmland was distributed in the southeast part of the oasis, which featured higher slopes and was close to the Keriya River, where the drainage conditions were fine. Thedepth to the groundwater in the northern part of the oasis is less than 2m, causing a salinization threat to crops and a lack of salt leaching from irrigation water, which can even lead to land abandonment. play a drainage function, as the seasonality of the Keriya River causes it to drain during the dry season. The roughly estimated distance to the drainage area was 5 km in all directions, which closely matches the stakeholders' suggestion. The northern part of the reference landscape had higher salinization stress than the south, because there was a lack of drainage and flat terraces. The majority of the farmland was distributed in the southeast part of the oasis, which featured higher slopes and was close to the Keriya River, where the drainage conditions were fine. 
Traditional Ecological Knowledge
A total of 51 interviews each with six to ninelocal attendeeswere held, and 354 people were interviewed randomly around the Keriya Oasis. Interviewees were mainly men, who had traditionally been responsible for field work. Twenty-three percent were from the senior group, 56% were aged 40-60 yearsand 21% were younger than 40 years. Ninety-two percent had completed at least a primary education, and all of them had been residents of the Keriya Oasis for many Figure 7 . Spatial hydro-geological conditions of the Keriya Oasis, adapted from Seydehmet, J. [9] . Note: Higher numbers indicate higher salinization intensity.
A total of 51 interviews each with six to ninelocal attendeeswere held, and 354 people were interviewed randomly around the Keriya Oasis. Interviewees were mainly men, who had traditionally been responsible for field work. Twenty-three percent were from the senior group, 56% were aged 40-60 yearsand 21% were younger than 40 years. Ninety-two percent had completed at least a primary education, and all of them had been residents of the Keriya Oasis for many generations.
From the interviews, we found that traditional land reclamation required sufficient floodwater, sand dunes and a pit area around the dunes. During this process, the sandy soil hillock was thrown into the water using hand tools, and then many sediments were relocated to the pit area, which changed the convex and concave surfaces to a plane surface that was ready for agriculture ( Figure 8 ). This approach has two merits: First, it elevates the surface, and second, it leaches the salt from the soil, leading tohighly efficient desalinization or the prevention of salinization. Generally, the eco-tone area of the artificial oasis was reclaimed by this approach. few villages will benefit from it, particularly in the reference landscape and in the southwest part of the oasis area ( Figure 6 ). Field observations indicate that the natural drainage system depth was 4-10m and the width is 40-100m with an impact over an area of 3000-5000m. As the land slope decreased, the range of influence narrowed. 
Desalinization Design for the Water Logging Area
In the Karez drainage system (Figure 2 ), the groundwater drains out to the surface by gravity, and the drained water is reused for agriculture. The principles of traditional reclamation of salinized land include the use of elevate surfaces and salt leaching by flood irrigation (Figure 8 ). The conceptual layout of the desalinization model in the water logging area was developed using the natural drainage condition as a reference ( Figure 9 ). The model of the groundwater budget (Equation 1) shows that the design layout is a logical way to decrease the groundwater table. The natural priorities were fully considered, such as the conservation of water bodies for local aesthetics and micro-climate humidity. Socio-ecological development needs were also considered, such as increasing the efficiency and sustainability of land and water resource use. The local farmers preferred to use flood irrigation for the fields. According to stakeholders, the field was irrigated with 10-15cm of water. The advantage of this method is that it leaches the salt from the fields, which have a shallow groundwater table but require regular irrigation. The field is relatively wet, but crop withers easily, and the field would become entirely dead by salinization if irrigation did not occur. Salinization hazard intensity level 4 ( Figure 7 ) and farmland type c ( Figure 5 ) are such types of farm.
A traditional drainage channel is dug by hand or machine and looks similar to a channel. Its main function is to decrease the groundwater table by allowing the effusion of ground water. Drainage channels are generally 2m deep and 3m wide, and a drainage system manages an area of 50-100 m around it at maximum. They are mostly used to prevent farmland salinization.
Natural drainage (termed drainage canalin Figure 7 ) caused by flash flooding (termed "Sel" in local) usually occurs due to heavy rain in the mountains that isunexpected and fast-moving. Generally, it creates a natural drainage ditch in the Gobi area by eroding the earth surface. Meanwhile, it leads to bed elevation of the pit area by depositing mud sedimentation in the lower reaches of its path [8] . According to stakeholders, once a natural drainage system has been created, a few villages will benefit from it, particularly in the reference landscape and in the southwest part of the oasis area ( Figure 7 ). Field observations indicate that the natural drainage system depth was 4-10 m and the width is 40-100 m with an impact over an area of 3000-5000 m. As the land slope decreased, the range of influence narrowed.
In the Karez drainage system (Figure 2) , the groundwater drains out to the surface by gravity, and the drained water is reused for agriculture. The principles of traditional reclamation of salinized land include the use of elevate surfaces and salt leaching by flood irrigation (Figure 8 ). The conceptual layout of the desalinization model in the water logging area was developed using the natural drainage condition as a reference (Figure 9) . The model of the groundwater budget (Equation 1) shows that the design layout is a logical way to decrease the groundwater table. The natural priorities were fully considered, such as the conservation of water bodies for local aesthetics and micro-climate humidity. Socio-ecological development needs were also considered, such as increasing the efficiency and sustainability of land and water resource use. 
In the Karez drainage system (Figure 2) , the groundwater drains out to the surface by gravity, and the drained water is reused for agriculture. The principles of traditional reclamation of salinized land include the use of elevate surfaces and salt leaching by flood irrigation (Figure 8 ). The conceptual layout of the desalinization model in the water logging area was developed using the natural drainage condition as a reference (Figure 9) . The model of the groundwater budget (Equation 1) shows that the design layout is a logical way to decrease the groundwater table. The natural priorities were fully considered, such as the conservation of water bodies for local aesthetics and micro-climate humidity. Socio-ecological development needs were also considered, such as increasing the efficiency and sustainability of land and water resource use. The spatial distribution of the layout is shown in Figure 10 , where the spacing between seepage water pools (model of desalinization) was roughly 5 km. Using adaptive landscape management (Figure 4 ),the groundwaterdepth (from groundwater observation wells) and surface salinity conditions should be monitored to decide the form of the next seepage pool and the direction of The spatial distribution of the layout is shown in Figure 10 , where the spacing between seepage water pools (model of desalinization) was roughly 5 km. Using adaptive landscape management (Figure 4 ), the groundwaterdepth (from groundwater observation wells) and surface salinity conditions should be monitored to decide the form of the next seepage pool and the direction of water reuse. If the surface is dry enough for irrigated agriculture, then the water can be reused by the neighboring farm; if not, it is transferred to a distant farm area that has been newly clamed from the desert.
A total of 109 stakeholders were visited in the second round of surveys, and we presented the design and its benefits to them (Figure 11 ). Overall, 24% of the stakeholders completely supported the desalinization conceptual model, and 42% of them agreed with the design. Overall, 64% of stakeholders agreed with the design, while 17% disagreed with it. Some stakeholders commented that they would like to accept this design, but they were afraid of the economic impacts. However, others stated that if the design plan gains official support, then there was no problem with it. The 14% of participants with a neutral option were those with no interest in the ecological design.
A total of 109 stakeholders were visited in the second round of surveys, and we presented the design and its benefits to them (Figure 11) . Overall, 24% of the stakeholders completely supported the desalinization conceptual model, and 42% of them agreed with the design. Overall, 64% of stakeholders agreed with the design, while 17% disagreed with it. Some stakeholders commented that they would like to accept this design, but they were afraid of the economic impacts. However, others stated that if the design plan gains official support, then there was no problem with it. The 14% of participants with a neutral option were those with no interest in the ecological design. Figure 10 . The spatial distribution of the conceptual layout of desalinization for the water logging area in the Keriya Oasis, adapted from Seydehmet, J. [9] . Higher numbers indicate higher salinization intensity. 
Landscape Management for Desalinization
Different management strategies are recommended for different landscape futures, as shown in Table 1 . Popoluseuphratica (termed Tugai forest) is a protected species in China [44] , which must be considered. The marginal eco-tone area by the desert, being a frontier, has the important function of preventing the invasion of the desert into the oasis. Hence, it must be protected. 
Different management strategies are recommended for different landscape futures, as shown in Table 1 . Popoluseuphratica (termed Tugai forest) is a protected species in China [44] , which must be considered. The marginal eco-tone area by the desert, being a frontier, has the important function of preventing the invasion of the desert into the oasis. Hence, it must be protected. Figure 6 Location and Geo-Hydrological Characteristics
Type and Symbols in
Management Strategy Illustration
Farmland (a, b)
Sustainability 2019, 11, x FOR PEER REVIEW 5 of 18 Figure 11 . Attitudes towards the desalinization design.
Landscape Management for Desalinization
Different management strategies are recommended for different landscape futures, as shown in Table 1 . Popoluseuphratica (termed Tugai forest) is a protected species in China [44] , which must be considered. The marginal eco-tone area by the desert, being a frontier, has the important function of preventing the invasion of the desert into the oasis. Hence, it must be protected. Figure 11 . Attitudes towards the desalinization design.
Illustration
Farmland c
Landscape Management for Desalinization
Different management strategies are recommended for different landscape futures, as shown in Table 1 . Popoluseuphratica (termed Tugai forest) is a protected species in China [44] , which must be considered. The marginal eco-tone area by the desert, being a frontier, has the important function of preventing the invasion of the desert into the oasis. Hence, it must be protected. Depth of ground water is less than 2m, flat terrace, marginal farmland under salinity hazard.
Decrease the groundwater table and salt leaching by modern or traditional drainage with flood irrigation.
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Landscape Management for Desalinization
Different management strategies are recommended for different landscape futures, as shown in Table 1 . Popoluseuphratica (termed Tugai forest) is a protected species in China [44] , which must be considered. The marginal eco-tone area by the desert, being a frontier, has the important function of preventing the invasion of the desert into the oasis. Hence, it must be protected. Depth of steady shallow groundwater is less than 2m, flat terrace, clay soil, increasingly dry rice field.
Decrease the groundwater table, and increase slopes and salt leaching using the conceptual model of desalinization presented in this study ( Figure 9 , Figure 10 ). Table 1 . Cont. Figure 6 Location and Geo-Hydrological Characteristics
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Wet meadow Decrease the groundwater table, and increase the slopes and salt leaching using the conceptual model of desalinization presented in this study ( Figure 9 , Figure 10 ). Table 1 . Cont. Figure 6 Location and Geo-Hydrological Characteristics
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Marginal meadow desalinization presented in this study( Figures   9,10 ). 
Discussion
The dynamics of Keriya Oasis's landscape indicated that the oasis ecosystem was fragile, and it had experienced expansion and shrinking in slightly salinized areas. Excessive water logging at the eco-tone area had caused farmland salinization and even abandonment [5, 7, 8, 30] .
The objective of this work was to design asustainable desalinization planning map. The methodology included the use of landscape ecology, a hydro-geological model, the modern drainage system, the concept of the traditional drainage system and adaptive management strategies. The idea of this work was to combine landscape ecological principles and traditional knowledge for ecological design in the arid oasis [5, 7, 22, [45] [46] [47] [48] [49] [50] [51] [52] . Our work suggests that traditional knowledge is the main intellectual source for modern sustainable ecological design.It is reported that, the groundwater table was significantly declined, for example, the Dunhuang oasis'sgroundwater table has been undergoing significant declined, owing to greater pumping, due to expanded irrigation and social-economic development [53] . This study highlights the respect to the nature, to decrease groundwater table, drained excessive groundwater by gravity and land slope, so there is less risk of groundwater table excessive decline.
Landscape ecology provides conceptual models and guidelines for sustainable ecological design. For instance, the intermediate disturbance hypothesis explains how proper anthropogenic or natural disturbance could increase biodiversity.In addition, during the design process, the following requirements should be satisfied: Sustainability, pertinancy, heterogenicity, diversity, economic efficiency, integrity and landscape individuality [42] .These are the design principles and guidelinesfor desalinization design in low and flat salinized terrace areas of the Keriya Oasis.
Traditional knowledge of the environment and cultural values is valuable. For example, Karez, the specific concept of drainage groundwater and reuse greatly inspired this design idea, and traditional reclamation of salinized land can provide the salt leaching and prevent salinization, since it has adapted to the arid environment and supported anthropogenic activities and culture safely for over a thousand years. In addition, our design respects the local cultural aesthetics toward water bodies and the local micro-climate.
However, due to the scarcity of landscape design data related to desalinization in the oasis, our design may have some bias, although the map was validated by experts and stakeholders in the second round of interviews. The development of an empirical, comprehensive and quantitatively evaluated design is significant for this fragile landscape. Our spatiotemporal monitoring program will be supported by 24 groundwater observation wells [7] , and it will evaluate the performance of the design and provide information for adjustments and extrapolation to other sites.
Conclusions
This landscape design was aimed at maximizing the efficiency of water and soil resources in a fragile arid ecosystem at a sustainable level.
The design used a combination of traditional land-water management, landscape ecological principles, stakeholderengagement and modernecologicalapproaches in order to frame anecologically sustainable and culturally acceptable plan.Since, there were environmental uncertainties, we presented our desalinization design map to the community and receivedpositive feedback (validated by experts and stakeholders). We also suggested that the use of adaptive management strategies was indispensable when dealing with complex salinity problems. This study presented different desalinization approaches for different landscape, emphasizing that traditional knowledge is the main intellectual source for modern ecological design. The design map could be used as an exemplar forsustainabledesalinization in the arid oasis.
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